To determine the effects of ingested royal jelly (RJ) on the pituitary in middle-aged female rats, we performed a long-term RJ administration test. Several animals showed age-related increases in pituitary weight, and RJ administration compensated for the increase. RJ tended to down-regulate prolactin mRNA and up-regulated thyroid-stimulating hormone mRNA in the pituitary. This suggests that RJ compensates for age-associated decline in pituitary functions.
Hypothalamic-pituitary functioning generally declines with aging. This change impairs the quality of life and increases the risk of various diseases. Royal jelly (RJ) is a popular traditional food utilized for health promotion. It is an essential food for the honeybee queen. It is a viscous substance secreted by the hypopharyngeal and mandibular glands of the worker honeybee of the species, Apis mellifera. Reportedly, RJ has favorable effects on the hypothalamic-pituitary-gonadal axis, 1, 2) but the mechanism remains to be clarified. In this study, we examined the effects of RJ on the decline in hypothalamicpituitary function with aging.
Female Sprague-Dawley (SD) rats aged about 9 months and weighing approximately 310-460 g were purchased from Japan SLC (Hamamatsu, Japan) and fed CE-2 pellets, a standard rodent diet (CLEA Japan, Tokyo). All animals (n ¼ 41) were allowed to acclimate for 2 months, and were randomly divided into an RJ diet group (n ¼ 21) and a control group (n ¼ 20), having almost equal mean body weights. RJ was administered in the form of a mixed food prepared by adding lyophilized RJ at 5% (w/w) to CE-2 powder, as previously described.
3) Diet and drinking water were made available ad libitum. The rats were housed at 23 AE 2 C at 55 AE 10% humidity. To determine estrous cyclicity, vaginal smears were taken daily from 9 AM to 11 AM over a period of 16 d per month. The estrous cycle was defined as the period from the estrus (cornified cell phase) to the next estrus, which included a diestrous or a proestrous day. Seven months after the beginning of RJ administration, the rats were sacrificed. Immediately, each of the tissues was weighed, frozen in liquid nitrogen, and stored À80 C. All procedures were done in accordance with standard procedures for the care and management of experimental animals (notification of the Japanese Prime Minister's office).
Total RNA was extracted from the pituitary using TRIzol reagent (Invitrogen, Carlsbad, CA), and purified by precipitation with lithium chloride. The relative levels of pituitary mRNAs were determined by quantitative reverse transcriptase-PCR (RT-PCR) using a 7300 Real Time PCR System (Applied Biosystems, Foster City, CA). First-strand cDNA was synthesized from 1 mg of total RNA from the pituitary of each animal using a SuperScript III Platinum SYBR Green Two-Step qRT-PCR Kit (Invitrogen). Gene-specific primers were designed with Primer Express software (Applied Biosystems). The sequences were 0 for rat glyceraldehyde-3-phosphate dehydrogenase (GAPDH) mRNA (NM 017008). The relative mRNA expression levels were normalized to GAPDH mRNA. The reactions were duplicated and the data are presented as means AE standard deviations. Serum PRL and free thyroxine (T 4 ) were measured with a rat PRL ELISA Kit (Biocode Hycel, Liege, Belgium) and a Free y To whom correspondence should be addressed. Fax: +81-58-294-8388; E-mail: ohta-shozo@api3838.co.jp Abbreviations: RJ, royal jelly; PRL, prolactin; TSH, thyroid-stimulating hormone ; GH, growth hormone; POMC, proopiomelanocortin; LH, luteinizing hormone ; FSH, follicle-stimulating hormone ; T 4 , thyroxine; T 3 , triiodothyronine; GAPDH, glyceraldehyde-3-phosphate dehydrogenase
RJ was administered orally to adult female rats for 7 months. There was no significant difference in food intake between the control (17:3 AE 0:8 g/d) and the RJ group (17:9 AE 0:6 g/d). Some aged rats in the two groups spontaneously developed liver, spleen, and pituitary hypertrophy. These outliers, beyond two standard deviations from the means of liver, spleen, and pituitary weights, were excluded from data analysis. There were no significant between-group differences in body weight or the relative weights of liver, spleen, uterus, and ovaries (Table 1 ), but pituitary weight was significantly reduced in RJ group. It is known that pituitary weight increases with aging in female rats. 4, 5) This finding (Table 1) suggests that long-term administration of RJ can attenuate age-associated increases in pituitary weight. Young female rats exhibit estrus once every 4 to 5 d and then go into irregular cycles with aging. Most rats in both groups began to show irregular cycles at 11 months of age. The numbers of estrus cycles showed age-related decreases in both groups. RJ administration had no significant effects on estrous cyclicity in the middle-aged rats.
To clarify the effects of RJ on the pituitary, we performed expression analysis of anterior pituitary hormone genes. PRL, GH, POMC, TSH, LH, and FSH mRNA levels in the pituitary were determined for individual animals by quantitative RT-PCR (Fig. 1) . The PRL mRNA level in the RJ group tended to be 74% down-regulated as compared to that in the control group (P ¼ 0:07). As a rat ages, PRL cells become more numerous, causing an increase in pituitary weight. 6) This result is consistent with the observation that the RJ group decreased in pituitary weight, suggesting that RJ can suppress the proliferation of PRL cells with aging. The TSH mRNA level was 1.4-fold up-regulated in the RJ group (P < 0:01) as compared with the control group, suggesting that RJ has an effect on thyroid function. It has been reported that the TSH mRNA level declined with age in male rats. 7) No significant between-group differences were found in terms of GH, POMC, LH, or FSH mRNA levels.
To determine whether the serum hormone level was altered in the RJ group, we measured the serum PRL and thyroxine (T 4 ) levels by ELISA. No significant difference in serum PRL level was found between the control (71:3 AE 76:5 ng/ml) and the RJ group (65:2 AE 43:8 ng/ml) ( Fig. 2A) . The discrepancy between the PRL mRNA level and the serum PRL level have been due to regulation of PRL secretion from pituitary cell or to the timing of the blood sampling. It has been reported that serum T 4 decreased in old rats of both genders, but that serum triiodothyronine (T 3 ) decreased only in old males.
8) The serum free T 4 level in the RJ group (1:16 AE 0:15 ng/dl) was higher than in control group (1:08 AE 0:20 ng/dl), but the differences were not statistically significant (Fig. 2B) . The gene expression data for TSH were normalized with GAPDH mRNA, and the pituitary weight was smaller in the RJ group. Hence it is possible that the total amount of TSH mRNA in the pituitary and the resulting secretion of TSH were not altered greatly.
In summary, RJ decreased pituitary weight, probably by suppressing the age-dependent proliferation of pituitary PRL cells in middle-aged female rats. It also up-regulated TSH mRNA in the pituitary. This suggests that RJ has a potential effect on thyroid function. This study is first to find a contribution of RJ to compensation for age-dependent decline in pituitary functions. Ã Significant between-group differences at P < 0:05. 
